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(57) ABSTRACT

An electrical heating cable with a first power supply con-
ductor, a second power supply conductor, and a third power
supply conductor. Each of the first, second and third power
supply conductors extend along a length of the cable. The
clectrical heating cable also includes an electrically conduc-
tive heating element body, wherein the first, second and third
power supply conductors are electrically coupled to each
other via the electrically conductive heating element body.
The second power supply conductor 1s provided with a layer
of electrically insulating material which covers only a part of
a surface of the second power supply conductor. The layer
1s provided between the surface of the second power supply
conductor and the electrically conductive heating element

body.
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1
ELECTRICAL HEATING CABLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a national stage entry of PCT/GB2019/
050510 filed Feb. 25, 2019, which claims the benefit of GB
1803267.2 filed Feb. 28, 2018, which are hereby incorpo-

rated by reference.

BACKGROUND

The present invention relates to an electrical heating
cable. More particularly, but not exclusively, the present
invention relates to a balanced three-phase electrical heating
cable for use with a three-phase power supply.

Electrical heating cables are used 1n a wide variety of
applications where heating may be required. An electrical
heating cable typically includes one or more electrical
conductors running along a length of the cable, with a body
material between the conductors. The body material pro-
vides potential electrical pathways between the electrical
conductors, but generally has a resistance much larger than
that of the electrical conductors. When the electrical heating,
cable 1s 1n use, the one or more electrical conductors are
connected to an electric power supply, and electricity 1s
conducted through the body material via the electrical
conductors. In this process, the body material transforms the
clectrical energy which 1t conducts to heat for heating up a
workpiece.

The electrical heating cable can be used to heat a pipe to
ensure that the contents of the pipe are maintained at a
certain temperature, for example above the freezing point of
the contents. The pipe may be a water pipe, an o1l production
pipe or any other pipe used for example 1mn an industrial
plant. The heating cable maybe 1n contact with either the
inside or outside of the pipe, and may extend along the pipe
in a linear fashion or be wound around the pipe. It 1s
common for pipes used across industrial plants to have a
length of several kilometres. Therefore electrical heating
cables for heating such pipes are required to have a length
at least of the same order as the length of the pipes.

National grids, industrial plants, commercial sites and
high-power equipment normally operate with three-phase
power supplies. Therelore, three-phase electrical heating
cables arrangements suitable for use with three-phase power
supplies are generally preferable in industrial applications.
Three-phase series resistance heating cable arrangements
generally can achieve circuit lengths of several kilometres,
but cannot self-regulate their temperature and therefore may
impose serious safety issues. In contrast, self-regulated
heating cables are generally single-phase heating cables.
Single-phase heating cables are typically limited to a much
shorter circuit length of around 100 metres and are not
suitable for use in large-scale industrial applications.

Phase imbalance remains a challenge for the use of
three-phase self-regulated electrical heating cables. That 1s,
a three-phase seltf-regulated electrical heating cable typically
has electrically conductive pathways with unequal electrical
resistance across the three phases, and accordingly draws
unequal currents from each phase of the power supply. In
other words, such a heating cable generates unequal power
loadings on each phase of a three-phase power supply, and
becomes an unbalanced load for the power supply. The
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phase 1imbalance reduces the efliciency of the cables them-
selves, and 1s also undesirable for the stability of three-phase
power supplies.

SUMMARY

It 1s an object of the present invention, among others, to
provide an electrical heating cable, such as a three-phase
clectrical heating cable, 1n which the load imbalance across
the three phases of the cable 1s reduced.

According to a first aspect of the present invention, there
1s provided an electrical heating cable, comprising: a first
power supply conductor; a second power supply conductor;
a third power supply conductor, wherein each of the first,
second and third power supply conductors extends along a
length of the cable; an electrically conductive heating ele-
ment body, wherein the first, second and third power supply
conductors are electrically coupled to each other via the
clectrically conductive heating element body; wherein the
second power supply conductor 1s provided with a layer of
clectrically 1nsulating material which covers only a part of a
surface of the second power supply conductor, the layer
being provided between the surface of the second power
supply conductor and the electrically conductive heating
clement body.

By providing a layer of electrically insulating material
which covers only a part of a surface of the second power
supply conductor, the electrical resistance between the sec-
ond power supply conductor and other power supply con-
ductors (such as, the first and third power supply conductors)
can be easily adjusted. By providing the layer between the
surface of the second power supply conductor and the
clectrically conductive heating element body, the layer is
thus configured to limit the proportion of the surface of the
second power supply conductor which 1s electrically
coupled to the electrically conductive heating element body.
A remaiming part of the surface of the second power supply
conductor which 1s uncovered by the layer of electrically
insulating material may be electrically coupled to the elec-
trically conductive heating element body.

The electrically msulating material may have a resistivity
at least 10 times the resistivity of the electrically conductive
heating element body. When the electrically insulating mate-
rial 1s 10 times more resistive than the electrically conduc-
tive heating eclement body, phase imbalance within the
clectrical heating cable can be reduced by around 90%.

The electrically msulating material may have a resistivity
at least 10"° times the resistivity of the electrically conduc-
tive heating element body.

The electrically conductive heating element body may
have a resistivity of the order of around 10° to 10* Q'm. The
clectrically insulating material may have a resistivity of the
order of around 10" to 10*° Q'm.

It will be appreciated that the area of the layer of elec-
trically insulating material directly affects the conductive
area of the second power supply conductor which 1s elec-
trically coupled to the first and third power supply conduc-
tors via the electrically conductive heating element body. By
enlarging the area of the layer to cover a larger part of the
surface of the second power supply conductor, the second
power supply conductor has less conductive area which 1s
clectrically coupled to other power supply conductors via
the electrically conductive heating element body. Accord-
ingly, the resistance between the second power supply
conductor and other power supply conductors will increase
in proportion with the area of the layer, and vice versa. In
this way, the electrical resistance between the second power
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supply conductor and other power supply conductors can be
casily controlled to a desired level, by simply adjusting the
area of the layer on the surface. This 1s advantageous for
reducing or even substantially eliminating any imbalance
within the electrical heating cable, by achieving balanced
conductive pathways (1.e., balanced power loadings) across
the first, second and third power supply conductors, thereby
allowing the electrical heating cable to work more efliciently
when the cable 1s connected to, for example, an 1industrial
three-phase power supply.

It will be appreciated that the layer of electrically insu-
lating material may be referred to as a coating of electrically
insulating material which 1s applied to coat a part of the
surface of the second power supply conductor. Therefore,
the expression “a layer of electrically insulating material™
may be used interchangeably with the expression “a coating,
of electrically insulating material”. The layer of electrically
insulating material may be in contact with the surface of the
second power supply conductor. Further or alternatively, the
layer of electrically insulating material may be 1n contact
with the electrically conductive heating element body.

It will be understood that the layer of electrically insu-
lating material does not need to be 1n direct contact with the
surface of the second power supply conductor. Similarly, the
layer of electrically insulating material does not need to be
in contact with the electrically conductive heating element
body. For example, a first intermediate layer may be pro-
vided between the layer of electrically insulating material
and the surface of the second power supply conductor. The
first mtermediate layer may comprise an adhesive layer
which makes the layer of electrically insulating matenal
adhere to the surface of the second power supply conductor.
Further, the first intermediate layer may comprise a layer of
clectrically conductive material, which 1s electrically
coupled to the second power supply conductor.

Similarly, a second intermediate layer may be provided
between the layer of electrically mnsulating material and the
clectrically conductive heating element body. The second
intermediate layer may comprise a layer of electrically
conductive material, which 1s electrically coupled to the
clectrically conductive heating element body.

The second power supply conductor may be spaced from
the first power supply conductor by a first distance, and may
be spaced from the third power supply conductor by a
second distance. The first power supply conductor may be
spaced from the third power supply conductor by a third
distance. The third distance may be greater than the first
distance and the second distance.

By arranging the third distance to be greater than the first
distance and the second distance, the electrical resistance
between the first and third power supply conductors tends to
be larger than the electrical resistance between the first and
second power supply conductors and the electrical resistance
between the second and third power supply conductors (if
the layer of electrically insulating material 1s not provided).
However, by providing the layer of electrically insulating
material which covers only a part of the surface of the
second power supply conductor, the layer has the effect of
increasing the electrical resistance between the first and
second power supply conductors and the electrical resistance
between the second and third power supply conductors,
thereby allowing the electrical resistances between each pair
of the three power supply conductors to reach approximately
the same level and making the electrical heating cable
balanced.
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The first, second and third power supply conductors may
be embedded i the electrically conductive heating element
body.

The first, second and third power supply conductors may
be entirely surrounded by the electrically conductive heating
clement body at an active heating region of the electrical
heating cable.

It will be appreciated that the active heating region 1s a
region of the electrical heating cable which extends along a
length of the cable and generates heat for heating up a
workpiece. The active heating region may form a main body
ol the electrical heating cable. It will further be appreciated
that the electrical heating cable may further comprise a
connection region for connecting to a power supply, and the
connection region may be provided at an end of the active
heating region. At the connection region, the first, second
and third power supply conductors may extend beyond the
clectrically conductive heating element body, 1mn order to
connect to the power supply.

The first, second and third power supply conductors may
be not directly connected to one another. That 1s, the only
available electrically conductive pathways between the first,
second and third power supply conductors may be via the
clectrically conductive heating element body.

The first, second and third power supply conductors may
extend alongside one another in a substantially planar
arrangement.

By arranging the first, second and third power supply
conductors to extend alongside one another 1n a substantially
planar arrangement, i1t increases the flexibility of the elec-
trical heating cable, thereby reducing the bending stresses
generated within the cable during installation of the cable
around a workpiece to be heated, and accordingly prolong-
ing the lifespan of the cable. Further, the substantially planar
arrangement allows the cable to have a relatively tlat cross-
sectional shape, thereby increasing the contact area between
the cable and the workpiece. In this way, the substantially
planar arrangement allows more eflicient heat transier
between the electrically conductive heating element body of
the cable and the workpiece to be heated.

The second power supply conductor may be located
between the first and third power supply conductors.

The first and third power supply conductors may be
equally spaced from the second power supply conductor.

It will be appreciated that when the first and third power
supply conductors are equally spaced from the second power
supply conductor, the third distance i1s approximately two
times the first distance, with the first distance being equal to
the second distance.

The layer of electrically insulating material may cover
substantially 50% of the surface of the second power supply
conductor.

By arranging the layer of electrically insulating material
to cover substantially 50% of the surface of the second
power supply conductor, the electrical resistance between
the second power supply conductors and other power supply
conductors (such as, the first and third power supply con-
ductors) 1s 1ncreased to approximately two times their origi-
nal value where there 1s no layer of electrically insulating
material provided. This allows the electrical resistances
between each pair of the three power supply conductors to
reach approximately the same levels and accordingly
reduces any phase imbalance within the electrical heating
cable. It will be appreciated that the layer with substantially
50% coverage 1s preferable when the first and third power
supply conductors are equally spaced from the second power
supply conductor.
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The surface of the second power supply conductor may
comprise a plurality of first sections and a plurality of second
sections arranged 1n an alternating manner along a length of
the second power supply conductor, wherein the plurality of
first sections are covered by the layer of electrically insu-
lating material and the plurality of second sections are not
covered by the layer of electrically insulating material.

It will be appreciated that the plurality of second sections
are electrically coupled to the first and third power supply
conductors via the electrically conductive heating element
body, and that the plurality of first sections are not electri-
cally coupled to the first and third power supply conductors
due to the layer of electrically insulating material. By
arranging the plurality of first sections and the plurality of
second sections in an alternating manner, heat generated by
the electrically conductive heating element body due to the
clectric current flowing between the second power supply
conductor (1n particular, the plurality of second sections) and
the first and third power supply conductors 1s dispersed
along the length of the second power supply conductor.

Each of the plurality of first sections may have a umt
length along a length of the second power supply conductor.
In particular, the plurality of first sections may be arranged
along the length of the second power supply conductor to
form a periodic pattern and each of the plurality of first
sections may therefore be regarded as a unit of the periodic
pattern. A length of each of the plurality of first sections
along the length of the second power supply conductor may
accordingly be regarded as the unit length. The unit length
may be smaller than each of a distance between the second
power supply conductor and the first power supply conduc-
tor, and a distance between the second power supply con-
ductor and the third power supply conductor.

That 1s, the unit length may be smaller than each of the
first distance and the second distance. This 1s advantageous
for allowing heat generated by the electrically conductive
heating element body to spread evenly along the length of
the electrical heating cable, such that temperature fluctua-
tions along the electrical heating cable are negligible.

The layer of electrically insulating material may comprise
a coating of electrically insulating varnish, lacquer or paint.

The layer of electrically insulating material may comprise
a layer of electrically insulating tape. Use of electrically
insulating tape, varnish, lacquer or paint allows the conduc-
tive area of the second power supply conductor to be
precisely controlled, which, 1n turn, allows the resistance
between the second power supply conductor and other
power supply conductors to be precisely controlled to a level
at which phase 1mbalance 1s substantially eliminated.

At least a part of the layer of electrically insulating
material may be provided helically around the second power
supply conductor.

The layer of electrically insulating material may comprise
a plurality of rings spaced apart from each other along the
length of the cable.

The electrically conductive heating element body may
have a positive temperature coellicient of resistance.

By providing the electrically conductive heating element
body with a positive temperature coetlicient of resistance,
this means that as the heating cable gets hotter, the resistance
of the electrically conductive heating element body
increases. Subsequently, the current flowing within the heat-
ing cable 1s reduced, causing the temperature of the heating
cable to reduce 1n a corresponding manner. In this way, the
heating cable selif-regulates 1ts temperature, and overheating,
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or burn-out of the heating cable by the heat generated by
itself 1s eflectively prevented, thereby improving the safety
of the heating cable.

According to a second aspect of the present 1mvention,
there 1s provided a method of manufacturing an electrical
heating cable, comprising: providing a first power supply
conductor, a second power supply conductor and a third
power supply conductor; covering only a part of a surface of
the second power supply conductor with an electrically
insulating material; and providing an electrically conductive
heating element body, wherein each of the first, second and
third power supply conductors extends along a length of the
cable and are electrically coupled to each other via the
clectrically conductive heating element body, and wherein
the electrically msulating material 1s provided between the
surface of the second power supply conductor and the
clectrically conductive heating element body.

The method may further comprise extruding the electri-
cally conductive heating element body over the first, second
and third power supply conductors.

The electrically insulating material may comprise an
clectrically msulating tape. Covering only a part of a surface
of the second power supply conductor may comprise wrap-
ping the electrically imnsulating tape around only a part of a
surface of the second power supply conductor.

The electrically insulating material may comprise one of
clectrically insulating varnish, lacquer or paint. Covering
only a part of a surface of the second power supply con-
ductor may comprise applying the one of electrically 1nsu-
lating varnish, lacquer or paint on only a part of a surface of
the second power supply conductor.

Covering only a part of a surface of the second power
supply conductor may comprise spraying or brushing the
clectrically insulating material on the surface of the second
power supply conductor.

Features described above with reference to the first aspect
of the invention may be combined with the second aspect of
the 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way ol example only, with reference to the accompanying
drawings in which:

FIG. 1 illustrates an electrical heating cable according to
an embodiment of the invention;

FIG. 2 1illustrates a part cross-sectional view of the elec-
trical heating cable of FIG. 1;

FIG. 3 illustrates an equivalent circuit of the electrical
heating cable of FIG. 1;

FIG. 4 illustrates a side-on part cutaway view of the
clectrical heating cable of FIG. 1;

FIG. 5 illustrates a schematic circuit diagram of electrical
connections 1n the electrical heating cable of FIG. 1; and

FIG. 6 illustrates a side-on part cutaway view ol an
clectrical heating cable according to an alternative embodi-
ment of the ivention.

DETAILED DESCRIPTION

FIGS. 1 and 2 depict an electrical heating cable 100
(hereimaftter, “the cable 100”) in accordance with an embodi-
ment of the present invention. The cable 100 extends along
an axis V. The axis V 1s parallel to a centre-line of the cable
100 and may not be straight. In the following description, the
expression of “extending along a length of the cable 100 1s
deemed as equivalent to “extending along the axis V7. As



US 11,337,278 B2

7

shown 1n FIG. 1, the cable 100 includes three power supply
conductors 1, 2, 3 (heremafter, “the conductors 1, 2, 37)
running along a length of the cable 100.

The conductors 1, 2, 3 are of approximately the same
diameter and the same length. The conductors 1, 2, 3 are
turther 1n a substantially planar arrangement. That 1s, the
conductors 1, 2, 3 extend alongside one another and lie 1n
substantially the same plane. The conductors 1, 2, 3 are
equally spaced from each other. Theretfore, a first distance
between the first conductor 1 and the second conductor 2 1s
equal to a second distance between the second conductor 2
and the third conductor 3, and 1s approximately a half of a
third distance between the first conductor 1 and the third
conductor 3. In an example, a diameter of each of the
conductors 1, 2, 3 1s around 2 mm, and the edge-to-edge
distance between the first conductor 1 and the second
conductor 2 (i.e., the first distance) 1s around 5 mm, and the
edge-to-edge distance between the second conductor 2 and
the third conductor 3 (i.e., the second distance) 1s also
around 5 mm. Of course, it will be appreciated that the
diameter and the distances may be of other sizes as appro-
priate.

The second conductor 2, which 1s between the first and
third conductors 1 and 3, 1s provided with a layer of
clectrically insulating material 11 (hereinafter, “the layer
117). Such layer 1s not provided to cover the first and third
conductors 1 and 3. The layer 11 may have a thickness of

around 0.05 mm to around 0.5 mm, and may typically have
a thickness of around 0.05 mm to around 0.1 mm.

The conductors 1, 2, 3 are further embedded 1n an
clectrically conductive heating element body 7 (heremafter,
“the body 7). FIG. 2 depicts a part cross-sectional view of
the cable 100 when the cable 1s cut along a plane perpen-
dicular to the axis V. For simplicity, only the conductors 1,
2, 3, the layer 11 and the body 7 are shown, with other layers
of the cable 100 omuitted.

As shown in FIG. 2, the layer 11, which covers the second
conductor 2, 1s also embedded 1n the body 7. The conductors
1, 2, 3 are electrically coupled to each other via the body 7.
The conductors 1, 2, 3 are not directly connected to each
other. Therefore, the only available electrically conductive
pathways between the conductors 1, 2, 3 are via the body 7.

The conductors 1, 2, 3 may be embedded 1n the body 7 in
any appropriate manner. For example, the body 7 may be
extruded over and around the conductors 1, 2, 3. Alterna-
tively, the body 7 may be formed (e.g. moulded) around the
conductors 1, 2, 3.

The body 7 1s surrounded by an insulating sheath 8. The
insulating sheath 8 may be formed by extrusion. The 1nsu-
lating sheath 8 1s further surrounded by an electrically
conductive covering 9. In this way, the insulating sheath 8
clectrically 1solates the body 7 from the electrically conduc-
tive covering 9. The electrically conductive covering 9 may
be 1n the form of braid, mesh, solid metal extrudate or foil,
and may be made from aluminium, aluminium alloy, copper
or the like. The electrically conductive covering 9 surrounds
the circumierence of the insulating sheath 8 continuously
and extends along the axis V. The electrically conductive
covering 9 improves the mechanical strength and stability of
the cable 100, and also enhances the cut resistance of the
cable 100. The electrically conductive covering 9 may be
connected to the earth ground, thereby providing an elec-
trical pathway to direct any leakage current within the cable
100 safely to the ground.

The electrically conductive covering 9 may be further
encased 1n an insulating jacket 10. The mnsulating jacket 10

10

15

20

25

30

35

40

45

50

55

60

65

8

protects the cable 100 from 1ngress of water, dirt, etc., and
clectrically isulates the cable 100 from 1ts surroundings.

The conductors 1, 2, 3 are made of an electrically con-
ducting material, such as, copper, steel, aluminium, etc. The
body 7 1s a polymer material. The polymer material may be
formed as a compound of an electrically-insulating polymer
(such as, an msulating thermoplastic polymer) and an elec-
trically-conductive filler material. The electrically-conduc-
tive filler material may be carbon black. Other material, such
as, carbon {ibres, nanotubes, graphite, graphene, metal
fibres, metal flakes or metal particles may also be used as the
filler material, either alone or in combination. The blend of
the electrically-conductive filler material into the electri-
cally-insulating polymer allows the polymer material of the
body 7 to have conductivity between that of the electrically-
insulating polymer and that of the electrically-conductive
filler material. The body 7 generally has a much larger
resistance than that of the conductors 1, 2, 3.

In use, the conductors 1, 2, 3 are connected to the output
phases of a three-phase power supply (not shown), respec-
tively. An electric current tlows out of the power supply,
through each of the conductors 1, 2, 3, and the body 7, and
flows back to the power supply via a different one of the
conductors 1, 2, 3. According to Joule’s first law, the passage
of an electric current through an electrical conductor pro-
duces heat, and the power of heating 1s proportional to the
resistance of the conductor and the square of the current.
Since the body 7 has a much larger resistance than that of the
conductors 1, 2, 3, the heat generated by the conductors 1,
2, 3 1s negligible compared to that generated by the body 7.
The body 7 therelfore generates majority of the heat output
by the cable 100.

The compound of an electrically-insulating polymer and
an electrically-conductive filler material may have a positive
temperature coellicient of resistance. That 1s, the electrical
resistance of the body 7 may increase with the temperature
of the body 7. This 1s generally desirable for reasons of
satety. When the cable 100 gets hotter, the resistance of the
body 7 increases. Subsequently, the current flowing within
the cable 100 1s reduced, causing the temperature of the
cable 100 to reduce 1n a corresponding manner. In this way,
the cable 100 seli-regulates 1ts temperature, and overheating
or burn-out of the cable 100 by the heat generated by itself
1s elfectively prevented, thereby improving the safety of the
cable 100.

It will be appreciated that the cable 100 may include an
active heating region which extends along the axis V of the
cable 100. The active heating region, in use, generates heat
for heating up a workpiece. The active heating region may
form a main body of the electrical heating cable. The cable
100 may further comprise a connection region for connect-
ing the cable 100 to a three-phase power supply. The
connection region may be provided at an end of the active
heating region. Since the body 7 generates majority of the
heat output by the cable 100 as described above, each of the
conductors 1, 2, 3 are embedded in the body 7 and may be
even entirely surrounded by the body 7 at the active heating
region, in order to maximise the heat output by the cable
100. At the connection region, it will be appreciated the
conductors 1, 2, 3 may extend beyond the body 7 to connect
to the three-phase power supply.

FIG. 3 shows an equivalent circuit of the electrical heating
cable 100. Resistor R,_, denotes the equivalent resistance
between the first conductor 1 and the second conductor 2.
Resistor R,_, denotes the equivalent resistance between the
second conductor 2 and the third conductor 3. Resistor R,
denotes the equivalent resistance between the first conductor




US 11,337,278 B2

9

1 and the third conductor 3. For simplicity, the resistances of
the conductors 1, 2, 3 themselves are neglected and the
resistances of the resistors R, _,, R, ; and R, _; are treated as
resulting from the resistance of the body 7 alone. It will be
appreciated that if the cable 100 1s balanced, the resistances
of R, ,, R, ; and R, _; should be substantially equal to each
other. In thus way, the cable 100 will have electrically
conductive pathways with equal resistance across the three
conductors 1, 2, 3 and accordingly will draw equal currents
from each phase of a three-phase power supply. Therelore,
the resistances of R, ,, R,_; and R,_; provide a good 1ndi-
cation as to whether the cable 100 1s balanced.

If, within the cable 100, the layer 11 1s omitted, it has been
found that the resistance of R, _; 1s approximately two times
the resistance of R, _, or R, _;. This 1s because the resistances
of R, ,, R, ; and R, _; result from the resistance of the body
7, and assuming the material of the body 7 has uniform
resistivity, the length of conductive path between the first
conductor 1 and the third conductor 3 1s approximately two
times the length of conductive paths between the second
conductor 2 and each of the first and third conductors 1, 3.
Theretore, the cable 100 will be unbalanced without the
layer 11.

The layer of electrically insulating material 11 1s thus
provided to reduce the imbalance of the cable 100, and
preferably to make the heating cable balanced for use with
a three-phase power supply.

FIG. 4 depicts the side-on cut-away view of the cable 100
between the cut-away lines A-A' and B-B'.

As shown 1n FIG. 4, the second conductor 2 extends along
the axis V and has a surface 4 covered by (1.e., embedded in)
the body 7. The surface 4 1s an outer circumierential surface
of the second conductor 2, and 1s completely enclosed by the
body 7. The axis V extends along a length of the second
conductor 2 and also extends along a length of the cable 100.

As described above, the second conductor 2 may protrude
through ends of the body 7 and therefore may have a length
greater than that of the body 7 along the axis V. In that case,
the surface 4 which 1s covered by the body 7 1s a part of the
entire outer circumierential surface of the second conductor

2.

As further shown in FIG. 4 the layer 11 1s provided
helically around the second conductor 2. The layer 11 1s
therefore provided between the surface 4 of the second
conductor 2 and the body 7. The layer 11 does not cover the
surface 4 of the second conductor 2 entirely and instead
covers only a part of the surface 4.

In particular, in the illustration of FIG. 4, the layer 11
covers a plurality of sections 5-1, 5-2, 5-3, 5-4, 5-5 (referred
to as “sections 5" collectively) of the surface 4, and does not
cover a plurality of sections 6-1, 6-2, 6-3, 6-4, 6-5 (referred
to as “sections 6 collectively) of the surface 4. The covered
sections 3 and uncovered sections 6 listed above are clearly
not exhaustive and are merely used here as an example for
the ease of description. The covered sections 5 and the
uncovered sections 6 alternate along the axis V, such that
cach covered section 1s sandwiched between two uncovered
sections, and vice versa. Each of the covered sections 5 has
a unit length .1 along the axis V. Each of the uncovered
sections 6 has a unit length L2 along the axis V. In this
example, the unit length .1 and the unit length .2 are equal.
In this way, by providing the layer 11 along the length of the
second conductor 2 such that the covered sections S and
uncovered sections 6 are distributed evenly, the layer 11
covers approximately 50% of the area of the surface 4.

It will be appreciated that although the covered sections 5
are depicted as being separated from each other 1n FIG. 4,
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adjacent ones of the covered sections 5 are actually con-
nected to each other at the opposite side of the second
conductor 2 (not shown FIG. 4), such that the covered
sections 3 form a continuous helical shape around the
second conductor 2. As shown 1n FIG. 4, the helical shape
formed by the layer 11 has a pitch P1. The length of the pitch
P1 1s equal to a sum of the unit length L1 and the unit length
L.2. The helix angle (i.e., the angle between each of the
covered sections 3 and the axis V) of the layer 11 may be
typically between 30° and 60°.

Since the sections 5 of the surface 4 are covered by the
layer 11, the sections 3 are electrically insulated from the
body 7 by the layer 11. The sections 6, which are uncovered
by the layer 11, remain in electrical connection with the
body 7. The layer 11 therefore eflectively reduces the
clectrically-conductive area of the second conductor 2.
Without the layer 11, the electrically-conductive area 1s
equal to 100% of the area of the surface 4. With the layer 11
covering approximately 50% of the area of the surface 4, the
clectrically-conductive area 1s reduced to around 50% of the
area of the surface 4.

It has been found that the electrically-conductive area of
the second conductor 2 aflects the equivalent resistances
R, ., R, 3 between the second conductor 2 and the first and
third conductors 1, 3, as described 1n more detail below.

FIG. 5 shows a schematic circuit diagram modelling the
electrical connections between the first conductor 1, the
second conductor 2 and the third conductor 3.

In the circuit diagram, each of the conductors 1, 2, 3 1s
virtually separated to ten exemplary conductive sections
along the length of the cable 100, which correspond to the
sections 5-1, 6-1, 5-2, 6-2, 5-3, 6-3, 5-4, 6-4, 5-5, 6-5 of the
conductor 2 shown 1n FIG. 4.

As described above, the resistances of the conductors 1, 2,
3 are much smaller than that of the body 7, and the resistance
of the conductors 1, 2, 3 are therefore neglected 1n the circuit
diagram of FIG. 5.

As shown i FIG. 5§, five electrical pathways exist
between the uncovered sections 6-1, 6-2, 6-3, 6-4, 6-5 of the
second conductor 2 and corresponding sections of each of
the first and third conductors 1, 3. The resistance of each
pathway between the conductors 1 and 2 1s denoted as r_,
and the resistance of each pathway between the conductors
2 and 3 1s denoted as r,. The electrical pathways are
provided by the body 7 and therefore, assuming the material
of the body 7 1s uniform, all of the electrical pathways have
the same resistivity. Given that the conductors 1, 3 are
equally spaced from the conductor 2 as described above, the
resistance of r_ 1s substantially equal to that of r,. There 1s
no electrical pathway originating from the covered sections
5-1,5-2, 5-3, 5-4, 5-5 of the conductor 2 since those sections
are covered by the layer 11. Since the pathways between the
second conductor 2 and each of the first and third conductors
1, 3 are parallel, the equivalent resistance R, _, between the
second conductor 2 and the first conductor 1 1s approxi-
mately equal to r, divided by five, and the equivalent
resistance R,_; between the second conductor 2 and the third
conductor 3 1s approximately equal to r, divided by five.

The electrical connections between the first conductor 1
and the third conductor 3 are not aflected by the layer 11
which 1s only provided on the second conductor 2. There-
fore, as shown 1n FIG. 3, there are ten electrical pathways
therebetween, with the resistance of each pathway being
denoted as r.. With ten pathways 1n parallel, the equivalent
resistance R,_; between the first conductor 1 and the third
conductor 3 1s approximately equal to r. divided by ten.
However, since the length of each electrical pathway
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between the conductors 1, 3 1s approximately two times the
length of each electrical pathway between the conductors 1,
2 (or between the conductors 2, 3), the resistance of r_ 1s
approximately two times the resistance of r,, or r,. Therelore,
with the layer 11, R,_,, R, ; and R,_; have substantially
equal resistance. That 1s, the cable 100 1s balanced due to the
layer 11.

It will be appreciated that the schematic circuit diagram
shown 1 FIG. 5 are merely employed to assist the expla-
nations as to why the layer 11 reduces the imbalance of the
cable 100, and are not bound by any theory. The schematic
circuit diagram shown in FIG. 3 1s not intended for use as a
precise model of the electrical connections between the
conductors 1, 2, 3.

In light of the above, by arranging the layer 11 to cover
approximately 50% of the surface 4 of the second conductor
2, the second conductor 2 has a smaller conductive area for
clectrically coupling to each of the first and third conductors
1, 3 via the body 7. In particular, the conductive area of the
second conductor 2 1s reduced to approximately 50% of the
whole area of the surface 4. Accordingly, due to the reduc-
tion of conductive area of the second conductor 2, the
electrical resistances R, _,, R,_, between the second conduc-
tor 2 and each of the first and third conductors 1, 3 are
approximately two times their original values when the layer
11 1s not provided. In this way, the layer 11 has doubled the
clectrical resistances of R, _,, R,_; to approximately the same
level as the electrical resistance of R, _;, thereby making the
cable 100 balanced and improving the etliciency of the cable
100.

Without being bound by any theory, 1t 1s believed that i
the area of the layer 11 1s enlarged to cover a larger
proportion of the surface 4 of the second conductor 2, the
second conductor 2 has less conductive area for electrically
coupling to the first and third conductors 1, 3 via the body
7. Accordingly, the resistance between the second conductor
2 and each of the first and third conductors 1, 3 will increase.
Conversely, the resistance between the second conductor 2
and each of the first and third conductors 1, 3 will decrease
by reducing the areca of the layer 11 to cover a smaller
proportion of the surface 4 of the second conductor 2. In this
way, the electrical resistance between the second conductor
2 and each of the first and third conductors 1, 3 can be easily
adjusted to a desired level, by simply adjusting the area of
layer 11.

The unit length L1 of the covered sections 5 1s between
about 2 mm and about 3 mm. Of course, 1t will be appre-
ciated that the unit length L1 may be of other sizes as
appropriate.

The unit length L1 of the covered sections 5 may be
smaller than each of the first distance between the second
conductor 2 and the first conductor 1 and the second distance
between the second conductor 2 and the third conductor 3.
As described above, due to the layer 11, there are no
clectrical pathways originating from the covered sections 3
to the regions of the body 7 immediately adjacent to the
sections 3. Therefore, the regions of the body 7 immediately
adjacent to the sections 5 only conduct very limited amount
of electrical current 1n use and tends to generate less heat
than the regions of the body 7 immediately adjacent to the
uncovered sections 6. By making the unit length L1 of the
covered sections 5 small relative to the first and second
distances, it facilitates heat transier between the regions of
the body 7 immediately adjacent to the sections 3 and the
regions of the body 7 immediately adjacent to the uncovered
sections 6 and allows heat generated by the body 7 to spread
cvenly along the length of the cable 100. In this way,
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temperature fluctuations along the length of the cable 100
caused by the layer 11 are mimimised and heat output along
the axis V of the cable 100 1s substantially uniform. In
particular, where the unmit length L1 of the covered sections
5 1s much smaller than each of the first and second distances,
temperature fluctuations may be considered negligible.

The layer 11 may be made of any appropriate electrically
insulating material, such as but not limited to, polymers,
compounds, etc., and may be applied to the second conduc-
tor 2 1n any suitable way not limited to the two examples
provided below.

The layer 11 may have a resistivity at least 10 times the
resistivity of the body 7. It has been found that when the
layer 11 1s 10 times more resistive than the body 7, the phase
imbalance within the cable 100 1s reduced by 90%. Increas-
ing the resistivity of the layer 11 1s beneficial for further
improving the balance within the cable 100. Ideally, the
layer 11 may have a resistivity at least 10'° times the
resistivity of the body 7. In an example, the body 7 has a
resistivity of the order of around 10° to 10* Q-m, and the
layer 11 has a resistivity of the order of around 10'> to 10'°
(2-m.

In an example, an electrically insulating varnish may be
used to form the layer 11. The insulating varnish may be
applied to the second conductor 2 using a brush. By rotating
the brush around the second conductor 2 and at the same
time moving the brush along the axis V of the second
conductor 2, a helical shaped coating like the layer 11 1s
formed on the surface 4 of the second conductor 2. The
helical shaped coating may further be fully cured (and
post-cured i necessary) before the second conductor 2 1s
embedded 1n the body 7. Alternatively, rather than using a
brush, a spray head may be used to apply the insulating
varnish to the surface 4 of the second conductor 2. The spray
head may rotate around the second conductor 2 while
moving along the length of the second conductor 2 to form
the layer 11. The spray head used to form the layer 11 may
be a pulsed intermittent spray head. The unit length .1 and
the unit length L2 may have a length of about 0.5 mm.
Therefore, uniformity of heat output along the axis V of the
cable 100 may be further improved by using a spray head to
apply the layer 11. Further, an electrically insulating lacquer
or paint may be used to form the layer 11.

In another example, an electrically insulating tape, which
may be optionally provided with an adhesive layer, may be
used to form the layer 11. The electrically insulating tape
may be wrapped helically around the second conductor 2 to
cover a part (e.g., 50%) of the surface 4 of the second
conductor 2, before the second conductor 2 1s embedded 1n
the body 7. A width of the electrically isulating tape may
be around 2 mm. Plastic sheets, such as for example,
Mylar™ and Kapton™, may be used to form the electrically
insulating tape. It 1s convement to apply the electrically
insulating tape made from such plastic sheets to the con-
ductor 2 and 1s also relatively easy to remove such tape from
the conductor 2 (for example, 1n order to connect the
conductor 2 to a power supply). Where an adhesive layer 1s
provided, the adhesive layer may be considered to form an
intermediate layer between the layer 11 and the second
conductor 2.

In the above described embodiment, the conductors 1, 2,
3 are embedded in the body 7. However, alternative arrange-
ments are possible. For example, a first part of the body 7
may extend along the cable 100 between and electrically
coupling the conductors 1, 2; second and third parts of the
body 7 may extend between the conductors 1, 3 and the
conductors 2, 3. That 1s, the body 7 may not completely
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surround each of the conductors. It 1s however preferable
that the conductors 1, 2, 3 are embedded 1n the body 7 to
ensure that uniform electrical connections are made between
each of the conductors 1, 2, 3.

Further, in the above described embodiment, the conduc- °
tors 1, 2, 3 are 1n a substantially planar arrangement with the
conductors 1, 3 equally spaced from the conductor 2. It will
be appreciated, however, that alternative arrangements are
possible. For example, the conductors 1, 3 may be spaced
from the conductor 2 at diferent distances. In a further
example, the conductors 1, 2, 3 may not lie 1mn the same
plane, and instead may be 1n a triangular arrangement in a
cross-sectional view of the cable 100. As long as the
distances between each pair of the conductors 1, 2, 3 are not
equal, the cable 100 faces the same 1mbalance problem as
described above and the layer 11 will be beneficial to reduce
the 1mbalance of the cable 100.

It 1s however preferable that the conductors 1, 2, 3 are in
a substantially planar arrangement, which allows the cable »g
100 to have a relatively flat cross-sectional shape, thereby
increasing the contact areca between the cable 100 and a
workpiece to be heated. In this way, the cable 100 1s highly
cilicient 1n transferring heat to the workpiece. Further, when
the conductors 1, 2, 3 are 1n a substantially planar arrange- 25
ment, the cable 100 tends to be more flexible than the case
where the conductors 1, 2, 3 are in a different arrangement,
¢.g., a tnangular arrangement, and to be easier to install
around a workpiece to be heated. Accordingly, bending
stresses generated within the cable 100 during installation
are also reduced and accordingly premature failure of the
cable 100 1s reduced or prevented.

It will further be appreciated that the layer 11 may cover
a percentage, different from 50% as described above, of the
area ol the surface 4 1n order to make the cable 100 balanced,
depending upon the particular arrangement of the conduc-
tors 1, 2, 3. For example, in the planar arrangement of the
conductors 1, 2, 3 depicted 1n FIGS. 1 and 2, 1f the diameter
of the conductors 1, 2, 3 1s of the same (or similar) order as 4
the first distance between conductors 1, 2 or the second
distance between the conductors 2, 3, the length of conduc-
tive path formed by the body 7 between the conductors 1, 3
will be 1nevitably longer than two times the length of
conductive paths formed by the body 7 between the con- 45
ductor 2 and each of the conductors 1, 3. Accordingly, the
layer 11 should preferably cover more than 50% of the area
ol the surface 4 so as to increase the electrical resistances
R, ,, R, ; to be more than two times their original values
when the layer 11 1s not provided, in order to make the cable 50
balanced. To vary the coverage percentage of the layer 11,
the unit length L1 of the covered sections 5 on the surface
4 may be adjusted to be diflerent from the unit length .2 of
the uncovered sections 6, for example.

It will also be appreciated that a layer of electrically 55
insulating material similar to the layer 11 may be provided
on either or both of the conductors 1, 3 as well, such that
more than one of the conductors 1, 2, 3 are covered with the
clectrically insulating material. Covering more than one of
the conductors may be desirable 1, for example, the dis- 60
tances between the conductors 1, 2, 3 are all different from
each other, 1n order to minimise the load imbalance across
the conductors 1, 2, 3.

Indeed, in general terms, 1t 1s possible to manipulate the
resistance between a plurality of power supply conductors 65
within a heating cable to have predetermined values by
applying a layer of electrically imnsulating material to one or
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more of those conductors, the layer(s) configured to obstruct
a portion of the electrically conducting area of the one or
more conductors.

It has been found that, 1n some circumstances, applying
the layer(s) of electrically insulating material around the
conductor(s) achieves better performance than applying
layer(s) of electrically-conductive material around the con-
ductor(s), with the electrically conductive material having a
higher electrical resistivity than that of the body 7.

In particular, a highly resistive electrically-conductive
material may be provided to cover the conductor(s) to
mamipulate the resistance between the conductors so as to
reduce the load imbalance of a heating cable. However, this
method may be less advantageous than the embodiments
described above. Firstly, the layer of highly resistive elec-
trically-conductive material may take up a substantial vol-
ume of space within the cable i order to reduce the load
imbalance, with the covered conductor having a smaller
diameter to accommodate the resistive layer (for a cable
with fixed outer dimensions). The covered conductor may
thus have a smaller cross-sectional area than the uncovered
conductors. In order to make the conductors have the same
cross-sectional area, all conductors must be reduced 1n size
to make room for the layer of highly resistive electrically-
conductive material. Because of the reduced cross-sectional
area ol the conductors, voltage drop along a unit length of
the cable 1s increased, and the maximum length of cable
which can be powered from a particular power supply 1s
substantially reduced.

Secondly, the resistance of each of the highly resistive
clectrically-conductive maternial and the electrically conduc-
tive heating element body 7 may be sensitive to temperature
variations (e.g. having a PTC characteristic). However, 1t
will be appreciated that the resistance characteristics of the
highly resistive electrically-conductive material and the
clectrically conductive heating element body may be difler-
ent, and the relative resistivity of the two materials may thus
change as a function of temperature. Temperature variations
can thus result 1n a deterioration of the balanced status of a
cable when the balancing 1s achieved by the layer of highly
resistive electrically-conductive material at a particular tem-
perature point or range.

On the other hand, the layer of electrically insulating
material has a substantially temperature-insensitive electri-
cal performance. Therefore, with the layer of electrically
insulating material, a cable can remain balanced all the time,
without being influenced by temperature variations. Further,
the layer(s) of electrically insulating material can be rela-
tively thin (e.g. between 0.05 mm to 0.1 mm) and will
therefore not take up a substantial volume of space within
the cable. In contrast, the highly resistive electrically-con-
ductive material typically requires a thickness of around 0.2
mm to 0.5 mm. Moreover, the process of applying the
layer(s) of electrically msulating material around conductor
(s) 1s easily controllable, using for example the exemplary
techniques described above.

The first distance and the second distance described above
may be with reference to a voltage level of a power supply
to which the cable 100 1s connected. As described above, the
resistance of R,_, 1s generally proportional to the first
distance, and the resistance of R,_, 1s generally proportional
to the second distance. If the conductors 1, 2, 3 are con-
nected to a power supply which has a high voltage level, a
large current will flow through the body 7 and there 1s a risk
that the large current will lead to a breakdown of the body
7. 11 the body 7 1s made of the polymer material described
above, 1t has been found that each millimetre of the body 7
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between a pair of conductors may typically withstand an rms
voltage of around 100V. Therefore, i the cable 100 1s
connected to a three-phase power supply which provides an
rms voltage of up to 600V across any two phases, each of the
first distance and the second distance 1s preferably around 5
mm to 6 mm. It will be understood that i1 the cable 100 1s
connected to a power supply outputting a lower voltage, the
first distance and the second distance may be reduced
accordingly.

In the above embodiment, the layer 11 forms a single
continuous helix around the second conductor 2. It will be
appreciated that the layer 11 may be formed around the
second conductor 2 1n a different manner. For example, the
layer 11 may form a plurality of helixes around the second
conductor 2 along the axis V. In particular, the layer 11 may
comprise multiple parts spaced along the axis V. Each part
wraps around the second conductor 2 to form a helix having
a particular pitch. Adjacent parts of the layer 11 along the
axis V may be completely separated or may be connected to
cach other by, for example, the electrically msulating mate-
rial. FIG. 6 illustrates another example of the layer of
clectrically insulating material. In FIGS. 4 and 6, like
components are denoted by like reference numerals. As
shown 1n FIG. 6, the layer of electrically isulating material
11' forms a plurality of rings 5-1', 5-2', 5-3', 5-4', 5-5' spaced
apart from each other along the axis V. Neighbouring rings
are separated by sections 6-1', 6-2', 6-3', 6-4' 6-5' which are
uncovered by the layer 11'. Each of the uncovered sections
1s also of a ring shape. Each ring has a length of 1" along
the axis V. Each uncovered section has a length of 12" along
the axis. It will be appreciated that irrespective of the
particular shape of the layers 11, 11', each of the layers 11,
11' covers only a part of the surface 4 and by adjusting the
coverage percentage of each of the layers 11, 11' on the
surface 4, the electrical resistance between the conductor 2
and the conductors 1, 3 are adjusted accordingly as
described above.

It will be appreciated that the conductors 1, 2, 3 and the
body 7 may be made of any suitable materials, not limited
to the examples described above. Further, 1t will be appre-
ciated that the body 7 may have a different temperature
coellicient of resistance from that described above. For
example, the body 7 may be made of a blended material
having negative temperature coellicient of resistance when
the temperature 1s low and having positive temperature
coellicient of resistance when the temperature 1s high. An
example of such a blended material 1s described 1n WO
2007/132256 Al.

In an example, the cable 100 may have a power output of
around 10 Watts per metre length (10 W/m) per phase,
thereby achieving total power output of around 30 W/m due
to 1ts three-phase configuration. If a cross-sectional size of
each of the conductors 1, 2, 3 is around 1.2 mm?, and a
standard mains voltage of 230 V 1s used as the power supply,
the maximum circuit length of the cable 100 can reach
around 300 metres. It will be appreciated that 11 a higher-
voltage power supply (such as those commonly used 1n the
industnial applications) 1s employed, the cable 100 can
achieve a longer maximum circuit length of the order of a
kilometre. It 1s common for pipes used between industrial
plants to have a length of several hundred metres to a few
kilometres (e.g., 600, or 2 km). Therefore, the cable 100
has increased suitability for use in large scale industrial
applications.

The cable 100 described above may be more eflicient than
a single-phase heating cable. A single-phase heating cable
generally includes a pair of conductors extending 1n parallel
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along the length of the cable, with an electrically conductive
polymeric material (for example, the body 7) provided
between the pair of conductors. In order for a single-phase
heating cable to achieve the same power output of around 30
W/m with conductors of the same cross-sectional size and
under the same 230V power supply, the current flowing
through the single-phase heating cable should be three times
as much as the current flowing through each phase of the
cable 100. Accordingly, the voltage drop on the conductors
of the single-phase heating cable also triples and the maxi-
mum circuit length of the single-phase heating cable 1s
therefore limited to around 100 metres. To increase the
maximum circuit length of the single-phase heating cable to
300 metres under the same power supply, 1t 1s required to
triple the cross-sectional size of each of the pair of conduc-
tors by using more conductive material. Therefore, com-
pared to a single-phase heating cable, the cable 100 1s able
to transmit an equivalent amount of power to a single-phase
equivalent setup with less conductor material and 1s there-
fore more eflicient to achieve a circuit length satistying the
length requirements to heating cables 1n industrial applica-
tions (in particular, large scale industrial applications).

The cable 100 described above also has better perfor-
mance than a conventional three-phase series resistance
heating cable arrangement. A conventional three-phase
series resistance heating cable arrangement generally
includes three conductors extending in parallel along the
length of the cable, the three conductors each being embed-
ded within a separate body of electrically insulating mate-
rial. Remote ends of the three conductors are electrically
connected together to form a star point. In use, ends of the
conductors opposite to the star point are separately con-
nected to three phases of a three-phase power supply. In a
series resistance heating cable, 1t 1s the conductors that
generate the heat output by the cable 100, rather than any
material provided between the conductors.

Although the series resistance heating cable arrangement
can achieve a circuit length of several kilometres, 1t cannot
self-regulate 1ts temperature in the way that the cable 100
does (due to the positive temperature coetlicient of resis-
tance of the body 7), and therefore requires additional
temperature controls to ensure temperature satety. Further,
due to the fact that remote ends of the three conductors are
clectrically connected together, the series resistance heating
cable arrangement cannot be cut to length 1n use and 1s
normally provided with a fixed length. Moreover, it 1s often
necessary to modily the design of a series resistance heating,
cable arrangement, for example, by modifying a length
and/or a cross-sectional area of each conductor, 1n order to
allow the series resistance heating cable to be used 1n a
particular application. Therefore, a series resistance heating,
cable 1s typically designed to length and it may be diflicult
to use one design of a series resistance heating cable for
different applications.

In contrast, the cable 100 can be conveniently cut to
length 1n use, by removing, for example, a length at a remote
end of the cable 100. Further, the conductors 1, 2, 3 of the
cable 100 are used for transmitting electrical power to the
body 7, but are not used for generating heat. Therefore, as
long as the resistances of the conductors 1, 2, 3 are con-
trolled to be relatively small, 1t 1s possible to use a particular
design of the cable 100 for multlple applications. As a result,
the cable 100 may be flexibly used for a range of diflerent
applications and needs not be redesigned for each applica-
tion.

As shown 1 FIG. 2, the layer 11 1s 1n contact with the
surface of the second conductor 2, and 1s further in contact
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with the body 7. However, 1t will be understood that the
layer 11 does not need to be 1n direct contact with the surface
of the second conductor 2. Similarly, the layer 11 does not
need to be in contact with the body 7. For example, a first
intermediate layer may be provided between the layer 11 and
the surface of the second conductor 2. The first intermediate
layer may comprise an adhesive layer which makes the layer
11 adhere to the surface of the second conductor 2. Further,
the first intermediate layer may comprise a layer of electri-
cally conductive material, which 1s electrically coupled to
the second conductor 2. Similarly, a second intermediate
layer may be provided between the layer 11 and the body 7.
The second intermediate layer may comprise a layer of
clectrically conductive material, which 1s electrically
coupled to the body 7.

While various embodiments have been described above 1t
will be appreciated that these embodiments are for all
purposes exemplary, not limiting. Various modifications can
be made to the described embodiments without departing
from the scope of the present invention.

The 1nvention claimed 1s:

1. An electrical heating cable, comprising:

a first power supply conductor;

a second power supply conductor;

a third power supply conductor, wherein each of the first,
second and third power supply conductors extends
along a length of the cable, wherein the second power
supply conductor 1s spaced from the first power supply
conductor by a first distance, the second power supply
conductor 1s spaced from the third power supply con-
ductor by a second distance, the first power supply
conductor 1s spaced from the third power supply con-
ductor by a third distance, and wherein the third dis-
tance 1s greater than the first distance and the second
distance:

an electrically conductive heating element body, wherein
the first, second and third power supply conductors are
clectrically coupled to each other via the electrically
conductive heating element body;

wherein the second power supply conductor 1s provided
with a layer of electrically insulating material which
covers only a part of a surface of the second power
supply conductor, the layer being provided between the
surface of the second power supply conductor and the
clectrically conductive heating element body,

wherein the layer of electrically insulating material 1s
configured to limit a proportion of the surface of the
second power supply conductor which 1s electrically
coupled to the electrically conductive heating element
body, such that an area of a surface of the second power
supply conductor which 1s uncovered by the layer of
the electrically insulating material 1s less than each of:
an area ol a surface of the first power supply conductor
which 1s electrically coupled to the electrically conduc-
tive heating element body, and an area of a surface of
the third power supply conductor which 1s electrically
coupled to the electrically conductive heating element
body.

2. The electrical heating cable according to claim 1,
wherein the first, second and third power supply conductors
are embedded 1n the electrically conductive heating element
body.

3. The electrical heating cable according to claim 1,
wherein the first, second and third power supply conductors
are not directly connected to one another.
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4. The electrical heating cable according to claim 1,
wherein the first, second and third power supply conductors
extend alongside one another in a substantially planar
arrangement.

5. The electrical heating cable according to claim 4,
wherein the second power supply conductor 1s located
between the first and third power supply conductors.

6. The clectrical heating cable according to claim 4,
wherein the first and third power supply conductors are
equally spaced from the second power supply conductor.

7. The electrical heating cable according to claim 1,
wherein the layer of electrically insulating material covers
substantially 50% of the surface of the second power supply
conductor.

8. The electrical heating cable according to claim 1,
wherein the surface of the second power supply conductor
comprises a plurality of first sections and a plurality of
second sections arranged 1n an alternating manner along a
length of the second power supply conductor, wherein the
plurality of first sections are covered by the layer of elec-
trically 1nsulating material and the plurality of second sec-
tions are not covered by the layer of electrically nsulating
material.

9. The electrical heating cable according to claim 8,
wherein each of the plurality of first sections has a umit
length along a length of the second power supply conductor,
and wherein the unit length 1s smaller than each of a distance
between the second power supply conductor and the first
power supply conductor, and a distance between the second
power supply conductor and the third power supply con-
ductor.

10. The electrical heating cable according to claim 1,
wherein the layer of electrically insulating material com-
prises a coating of electrically insulating varnish, lacquer or
paint.

11. The electrical heating cable according to claim 1,
wherein the layer of electrically insulating material com-
prises a layer of electrically insulating tape.

12. The electrical heating cable according to claim 1,
wherein at least a part of the layer of electrically msulating,
matenial 1s provided helically around the second power
supply conductor.

13. The electrical heating cable according to claim 1,
wherein the layer of electrically insulating material com-
prises a plurality of rings spaced apart from each other along
the length of the cable.

14. The electrical heating cable according to claim 1,
wherein the electrically conductive heating element body
has a positive temperature coellicient of resistance.

15. The electrical heating cable according to claim 1,
wherein the layer of electrically insulating material 1s not
provided between the surface of the first power supply
conductor and the electrically conductive heating element
body, or between the surface of the third power supply
conductor and the electrically conductive heating element
body.

16. A method of manufacturing an electrical heating
cable, comprising:

providing a first power supply conductor, a second power

supply conductor and a third power supply conductor,
wherein the second power supply conductor 1s spaced
from the first power supply conductor by a first dis-
tance, the second power supply conductor i1s spaced
from the third power supply conductor by a second
distance, the first power supply conductor 1s spaced
from the third power supply conductor by a third
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distance, and wherein the third distance 1s greater than
the first distance and the second distance:
covering only a part of a surface of the second power
supply conductor with an electrically insulating mate-
rial; and
providing an electrically conductive heating element
body,
wherein each of the first, second and third power supply
conductors extends along a length of the cable and are
clectrically coupled to each other via the electrically
conductive heating element body, and wherein the
clectrically insulating material 1s provided between the
surface of the second power supply conductor and the
clectrically conductive heating element body; and
wherein the electrically msulating material 1s configured
to limit a proportion of the surface of the second power
supply conductor which 1s electrically coupled to the
clectrically conductive heating element body, such that
an areca of a surface of the second power supply
conductor which 1s uncovered by the electrically 1nsu-
lating material 1s less than each of: an area of a surface
of the first power supply conductor which 1s electrically
coupled to the electrically conductive heating element
body, and an area of a surface of the third power supply
conductor which 1s electrically coupled to the electri-
cally conductive heating element body.
17. The method of manufacturing an electrical heating
cable according to claim 16, further comprising;
extruding the electrically conductive heating element
body over the first, second and third power supply
conductors.
18. The method of manufacturing an electrical heating
cable according to claim 16, wherein the electrically insu-
lating material comprises one of electrically insulating var-

nish, lacquer or paint, and wherein covering only a part of
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a surface of the second power supply conductor comprises
applying the one of electrically insulating varnish, lacquer or
paint on only a part of a surface of the second power supply

conductor.

19. The method of manufacturing an electrical heating
cable according to claim 16, wherein covering only a part of
a surface of the second power supply conductor comprises
spraying or brushing the electrically insulating material on
the surface of the second power supply conductor.

20. A method of manufacturing an electrical heating
cable, comprising:

providing a first power supply conductor, a second power

supply conductor and a third power supply conductor,
wherein the second power supply conductor 1s spaced
from the first power supply conductor by a first dis-
tance, the second power supply conductor 1s spaced
from the third power supply conductor by a second
distance, the first power supply conductor i1s spaced
from the third power supply conductor by a third
distance, and wherein the third distance 1s greater than
the first distance and the second distance;

covering only a part of a surface of the second power

supply conductor with an electrically insulating mate-
rial, wherein a coverage percentage of the electrically
insulating material 1s based upon the first distance, the
second distance and the third distance, such that an
clectrical resistance between any pair of the first, sec-
ond or third power supply conductors through an
clectrically conductive heating element body 1s
approximately the same; and

embedding the first, second and third power supply con-

ductors 1n the electrically conductive heating element

body.
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